Theory argues that both soil conditions and aboveground trophic interactions are equally important for 14 determining plant species diversity. However, it remains unexplored how they modify the niche di erences 15 that stabilise species coexistence and the average fitness di erences driving competitive dominance. 16 We conducted a field study in Mediterranean annual grasslands to parameterise population models 17 of six competing plant species. Spatially explicit floral visitor assemblages and soil salinity variation 18 were characterized for each species. Both floral visitors and soil salinity modified species population 19 dynamics via direct changes in seed production and indirect changes in competitive responses. Although 20 the magnitude and sign of these changes were species specific, floral visitors promoted coexistence at 21 neighbourhood scales while soil salinity did so over larger scales by changing the superior competitor's 22 identity. Our results show how below and aboveground interactions maintain diversity in heterogeneous 23 landscapes through their opposing e ects on the determinants of competitive outcomes.
Introduction
where N i,t+1 N i,t is the per capita population rate, and N i,t is the number of seeds of species i in the soil 136 prior to germination in winter of year t. The germination rate of species i, g i , can be viewed as a 137 weighting term for an average of two di erent growth rates: the annual survival of ungerminated seed 138 in the soil (s i ), and the viable seeds produced per germinated individual (F i ). In past work, F i , was 139 expanded into a function describing how the average fecundity of each germinated seed that becomes 140 an adult (i.e. per germinant fecundity) declines with the density of competing number individuals in 141 the system (Godoy & Levine 2014) . Now, we slightly modify this function to include the additional 142 e ect of floral visitors and soil conditions on the per germinant fecundity as follows:
(2) 145 where ◊ i,s and " i,f v control the e ect of soil salinity (S t ) and floral visitors (A t ) respectively on the per 146 germinant fecundity of species i in the absence of competition (⁄ i ). In addition, ⁄ i is modified by the 147 germinated densities of other species including its own (g j N j,t ). To describe the per capita e ect that 148 species j is mediating on species i, we multiplied these germinated densities by a sum of three 149 interaction coe cients (ij +Â ij,s +Ê ij,f v ), which describes the additional direct e ect of soil salinity 150 and the apparent e ect of floral visitors on the competitive interactions between species. Notice that 151 we considered only explicitly in our study the e ect that soil salinity and floral visitors have on species' 152 fecundity (F i ), but the model could be easily extended to include the e ect of these two factors on the 153 other two vital rates, germination (g i ) and seed soil survival (s i ).
154
With the direct and apparent dynamics of competition described by this population model, we followed 155 the approach of Chesson (2012) to determine fitness and niche di erences between species pairs. Our 156 procedure here parallels previous work described in Godoy & Levine (2014) , and allows us to define 
When the ratio k j k i >1 this indicates that species j has a fitness advantage over species i. Both soil 181 salinity and floral visitors can be seen as equalising mechanisms promoting coexistence because they 182 can reduce fitness di erences between a species pair by two contrasted pathways. They can modify the 183 'demographic ratio' (
) which describes the degree to which species j produces more seeds
per seed loss due to death or germination (1-(1-g j )s j ) than species i, and 185 they can also modify the 'competitive response ratio' (
describes the degree to which species j is less sensitive to competition than species i (eqn (4)). Notice 187 that these modifications can produce the opposing e ect and promote species' competitive dominance 188 by a combination of high demographic rates and low sensitivity to competition.
189
Competitors can coexist when niche di erences overcome fitness di erences, allowing both species to 190 invade (i.e. increase its populations) when rare (Chesson 2012). This condition for mutual invasibility is 191 statisfied when:
Therefore, coexistence can occur when little niche overlap (i.e. large niche di erences) overcomes large 195 fitness di erences, or when niche di erences among similar species are still large enough to stabilise the 196 interaction between competitors with similar fitness. We used this condition to evaluate how strongly 197 floral visitors and soil salinity increase or decrease the likelihood of coexistence between competitors.
198
For doing so, we computed how much observed niche di erences exceed or fails to promote coexistence 199 according to the expected niche di erences needed to overcome observed fitness di erences between a 200 species pair.
201
Field observations used to parameterise the model 202 In September 2015, we established nine plots of 8.5m x 8.5m along a 1km x 200m area following a 203 topographic gradient. Three of these nine plots where located in the upper part of the topographic 204 gradient, three at the middle, and the last three at the lower part. Average distance between these 205 three locations was 300m and average distance between plots within each location was 15m. In 206 addition, each plot was divided in 36 subplots of 1m x 1m with aisles of 0.5m in between to allow access 207 to subplots where measurements were taken (Appendix S2).
208
This spatial design was established to parameterise models of pairwise competition between the six 
